Hydraulic fracturing is an essential technology in developing shale gas reservoirs, not to mention, accurate prediction of productivity in fractured shale gas wells is the foundation of an efficient development in shale gas reservoirs. This paper establishes a gasewater two-phase flow percolation mathematical model by a determined numerical simulation and calculation method under desorption and diffusion conditions. By means of simulating for a post-frac performance of the shale gas reservoir, this paper devotes to a quantitative analysis the impact of fracture parameters, physical parameters, and desorptionediffusion parameters. The outcome of this research indicates that hydraulic fracturing can improve single well production and it's an effective measure in the development of shale gas. The conductivity of hydraulic fractures and the permeability of natural fractures are the main influences on shale gas production. The higher these factors are, the higher the gas and water productions are. In comparison, the matrix permeability and diffusion coefficients have minimal influences on production.
Introduction
According to statistical data, the shale gas resource is about 456.24 Â 10 12 m 3 , which is equivalent to the sum of coalbed methane and tight sandstone gas [1] . In China, there are 134.42 Â 10 12 m 3 reserves of shale gas, and 25.08 Â 10 12 m 3 of that are economically recoverable. This amounts to more than twice the conventional resources [2] , which is one of the most important replacements of conventional oil and gas [3] .
The porosity and permeability structure of shale gas differs from conventional gas reservoirs. Conventional gas reservoirs are ultra-dense, especially for low pore and permeability. More than 90% of the shale gas wells need to be fractured to get industrial gas flow. Mastering dynamic production of fracturing is the premise to realize high-efficiency development. At present, many domestic and international scholars make a large number of research and explorations on shale gas. Studies being conducted include the exploration and characteristics of shale gas reservoirs [4, 5] and the fracturing technology [6e8]. Additionally, a handful of scholars establish physical and mathematical models based on research on seepage mechanism and laws [9e14]. However, analytic solutions of these models are very complex, and they only consider the effect of a single phase flow. Considering desorptionediffusion and pseudo-steady inter porosity flow, this paper establishes a gasewater two-phase flow system percolation mathematical model by means of numerical simulation and calculation method. In conclusion, it figures out shale gas production curves as well as it analyzes the influences of the key parameters on the said curves.
Seepage mathematical model
Dual medium is used to stimulate shale gas reservoir's procurable natural fracture. This method separates the flow of matrix from the fracture network, and the model is comprised of a matrix and fracture system. The matrix is the main storage space, and the fracture is the primary seepage channel of shale gas.
Undeveloped hypotheses include the following: (1) the reservoir is a double medium structure composed of matrix block and natural fracture, (2) the matrix and fracture system of shale gas has an isothermal seepage flow, (3) the flow of shale gas satisfies the gasewater two-phase flow system in fractures and single phase flow system in matrix, (4) the effects of gravity and gas slippage can be overlooked.
Matrix system
The process of adsorptionedesorption on the surface of the matrix is completely reversible and is described by the Langmuir isothermal adsorption equation.
The average concentration in the matrix pore is affected not only by desorption of adsorbed gas but also by the impact of pseudo-steady-state inter porosity flow of the free gas from the shale matrix to the fractures. Therefore, neglecting the seepage flow in matrix, the equilibrium equation in the matrix system can be expressed as:
where q e ¼ ar gm K m m gm À P gm À P gf Á ð3Þ
Fracture system
Shale gas enters from the matrix system into the fracture system by diffusion and inter-porosity flow, which can be seen as a point source of continuity equation. The production is seen as a point sink. By way of the motion equation, state equation, and the mass conservation equation we can achieve a fluid flow differential equation in a fracture system.
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3. Solve model A finite differential method was used to solve Eqs. (2)e (11) . The pressure of the matrix (P gf ) and fracture (P gm ) is solved in turn with the fracture pressure (P gf ) going first.
(1) The pressure equation of matrix system
The pressure equation of fracture system c gi;j P nþ1 gfi;jÀ1 þ a gi;j P nþ1 gfiÀ1;j þ e gi;j P nþ1 gfi;j þ b gi;j P nþ1 gfiþ1;j þ d gi;j P nþ1
Dt n ð14Þ c wi;j P nþ1 wfi;jÀ1 þ a wi;j P nþ1 wfiÀ1;j þ e wi;j P nþ1 wfi;j þ b wi;j P nþ1 wfiþ1;j þ d wi;j P nþ1
According to the Eqs. (14) and (15), we can get a five diagonal matrices related to the pressure of the fracture system. The strongly implicit procedure (SIP) is used to get the pressure value, after which the pressure of fracture P gf nþ1 is plugged into the Eq. (13) to get the pressure value of matrix P gm nþ1 .
Calculation analysis
The basic parameters for calculation analysis are
and PL ¼ 4 MPa. The influences and effects of the parameters on production will be discussed further. Figs. 1 and 2 show that the influence of half-length fracture on production. When the half-length of the hydraulic fracture rises from 40 m to 100 m, the production growing rates of gas and water grows. In terms of economy, there is an optimal fracture half-length. Figs. 3 and 4 show that the influence of the conductivity of hydraulic fracture on shale gas production. Both the gas and water production change with the conductivity of hydraulic fracture. The production of gas and water increases significantly as the conductivity increases. However, when the conductivity is in between 10 D cm and 30 D cm, the increase rate grows then it eventually slows down gradually as the conductivity increases.
The permeability of both the matrix and natural fracture is the fundamental element in the production of shale gas. Fig. 5 shows the influence of the permeability of matrix on shale gas production. Evidence shows that the greater the matrix permeability is, the higher the daily gas production can be obtained. On the other hand, if the matrix permeability decreases, the daily gas production is not greatly affected.
Figs. 6 and 7 show the production performance for various natural-fracture permeability. The greater the natural-fracture permeability is, the higher daily gas production can be obtained. Whenever the permeability is greater than 0.1 mD the production increases significantly. Therefore, the naturalfracture permeability has great effects on shale gas production. Fig. 8 is the daily gas production curve of a fractured well on shale gas under different diffusion coefficient. The increase of diffusion coefficient causes gas production to increase slightly, and the increased rates tend to subsequently decrease. Associated with the effect of permeability, the diffusion coefficient has a less significant effect on production. Fig. 9 is the daily gas production curve of a fractured well on shale gas under different Langmuir volume. The increase of Langmuir volume causes the gas production to reduce gradually. The greater the Langmuir volume is, the stronger the adsorption ability of shale is. In addition, as well as the saturated adsorption capacity becomes greater. In this case, the gas production tends to lower. Fig. 10 is the daily gas production curve of a fractured well on shale gas under different Langmuir pressure. The increase of Langmuir pressure leads to a gradual increase in the gas production. The greater the Langmuir pressure is, the smaller the desorption pressure is. In conclusion, the easier shale gas desorption is, the higher the production is.
Conclusions
(1) The numerical model deduced considering desorption and diffusion effects on shale gas with gasewater two-phase flow is easily unraveled. Findings can be used for dynamic production prediction of shale gas. (2) In the development of shale gas, together with the increase of half-length and conductivity of hydraulic fracture, the daily gas production and water production increase. However, the increase rates tend to decrease eventually. So, in terms of economy, there is an optimal fracture length and conductivity. (3) Natural fracture permeability is the main factor. In the increase of natural fracture permeability, the daily gas and water production tend to increase. However, the influence of matrix permeability on production is relatively insignificant. (4) The desorption diffusion coefficient is the basic factor which influences the production of shale gas. In the increase of the Langmuir volume, the production reduces gradually. Meanwhile, the increase of the Langmuir pressure causes the gas production to increase gradually. However, the influence of diffusion coefficient on production is also minimal.
Nomenclature V E adsorption per unit volume, m 3 /m 3 V L Langmuir volume, m 3 /m 3 P L Langmuir pressure, MPa V m adsorbing gas concentration of matrix block, m 3 /m 3 V f (P gf ) the average gas adsorption concentration on shale matrixdfracture surface, m 3 /m 3 P w bottom hole pressure, MPa P fg gas pressure of fracture system, MPa P wf water pressure of fracture system, MPa r gm gas density of matrix system, kg/m 3 r gf gas density of fracture system, kg/m 3 r wf water density of fracture system, kg/m 3 Fig. 8 . Effect of diffusion coefficient on shale gas production. Fig. 9 . Effect of the Langmuir volume constant on shale gas production. Fig. 10 . Effect of the Langmuir pressure on shale gas production. Fig. 7 . Effect of nature fracture permeability on water production. f m porosity of matrix system, dimensionless f f porosity of fracture system, dimensionless q e the inner porosity flow form unit matrix to fracture, kg/(m 3 $s) q mf desorption and diffusion unit matrix, kg/(m 3 $s) a the inter porosity flow coefficient, 1/m 2 K m matrix permeability, D K f fracture permeability, D K rg gas relative permeability of fracture system K rw water relative permeability of fracture system m gm gas viscosity of matrix system, mPa$s m gf gas viscosity of fracture system, mPa$s m wf water viscosity of fracture system, mPa$s P gm pressure of matrix system, MPa F G geometric correlation factor F S shape coefficient matrix unit D diffusion coefficient, m 2 /d C f compressibility of rock, 1/MPa C g compressibility of gas, 1/MPa C w compressibility of water, 1/MPa T w water conductivity coefficient, kg/(mPa$s) T g gas conductivity coefficient, kg/(mPa$s) S g initial gas saturation in fracture S w initial water saturation in fracture L f hydraulic fracture half-length, m FCD hydraulic fracture conductivity, D$cm Subscripts f fracture m matrix g gas w water n discrete-time point i, j direction discrete grid points.
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